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Executive Summary
The managed transportation service team at ArcBest has given this team of Senior Design
students in the School of Industrial Engineering and Management at Oklahoma State University
the unique opportunity to create a new approach to the company’s carrier selection process. This
process involves ArcBest meeting with potential carriers to negotiate rates on behalf of the
customer by using various shipment data. The carriers then bid for the freight at the shipment
level before this bid data is reviewed to determine the most cost-effective contract for the
customer and the largest profit margin for the company. ArcBest currently utilizes a
“brute-force” approach implemented in the R programming language that enumerates every
possible scenario before reporting the best solution. While this approach is feasible for the
moment, it has significant drawbacks that limit its usage in the future. As the company begins to
take on larger customers and add more carriers, a more scalable and flexible approach will be
needed in order to conduct business efficiently.
The team has created in response, a new approach to solve the carrier selection problem by
formulating it as an integer program, implementing it using Python, and solving it using the
Gurobi® Optimization Solver to determine two different solutions: the most cost-effective
solution for their customers and the solution that yields the largest total profit margin for
ArcBest. In comparison to ArcBest’s current approach, this new approach has the potential to
provide more benefits to the company. For instance, utilizing the faster integer programming
based approach instead of their current “brute-force” approach will result in significantly reduced
processing time and increased capability to work with larger data sets. This in turn will reduce
the valuable time spent by ArcBest's logistics engineers and planners on this process and enable
them to take on larger customers. It will also provide ArcBest more flexibility to factor in
additional business requirements, including those placed by their customers.
In conclusion, the team recommends ArcBest obtains Gurobi® or a similar commercial
optimization solver in order to solve their carrier selection problem. Using the team’s Python
implementation in conjunction with a commercial optimization solver will provide ArcBest the
ability to expand the capacity of their managed transportation business, and enable them to be
more agile and responsive in their business practices.
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1 Introduction
ArcBest is a third-party logistics company headquartered in Fort Smith, Arkansas. They deliver
integrated logistics solutions for various supply chain challenges, offering services such as LTL,
truckload, final mile, and managed transportation. This project concerns the company’s managed
transportation service in which they manage the customer’s freight by determining which carriers
will fulfill the customer’s shipments. To do this, ArcBest meets with the carriers to negotiate
rates for the customer by using shipment data such as origin zip code, destination zip code,
weight, cube, and commodity. After which, the carriers bid for the freight at the shipment level
before this bid data is used to determine the most cost-effective contract for the customer that
allows for the largest profit margin for the company.
2 Current State Analysis
ArcBest’s managed transportation service currently uses a “brute-force” enumeration to help
identify low-cost carriers when managing their customer’s freight. This approach enumerates
every possible scenario and outputs the scenario corresponding to least total cost. As stated by
the company, the approach has proven to be both efficient and effective. However, while ArcBest
continues to grow and establish more carrier relationships and take on larger customers, they will
require a different model that is computationally faster, can handle multiple constraints, and
optimizes profit.
2.1 ArcBest Rate
One of the main parts in the process of the company’s current approach involves determining the
ArcBest rate. The ArcBest rate is the price the customer is charged by the company, calculated as
follows.
(𝑁𝑒𝑡 𝐿𝑖𝑛𝑒 𝐻𝑎𝑢𝑙 + 𝐷𝑀𝐶) * 𝑀𝑎𝑟𝑔𝑖𝑛 + 𝑁𝑒𝑡 𝐿𝑖𝑛𝑒 𝐻𝑎𝑢𝑙 * (1 + 𝐹𝑢𝑒𝑙%) + 𝐴𝑐𝑐𝑒𝑠𝑠𝑜𝑟𝑖𝑎𝑙𝑠
2.1.1 ArcBest Net Line Haul
The net line haul may be the most complicated component as it factors in all previous
components. However, and to put it in perspective, it is simply the maximum value between the
CMC line haul and the discounted line haul.
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Figure 1: ArcBest Net Line Haul (Source: ArcBest)
2.1.1.1 Gross Line Haul
Primarily, the first component that comprises the ArcBest net line haul is the gross line haul. The
gross linehaul is one of the more complicated elements as it is based on a variety of factors
including tariffs, origin and destination zip codes, weight, and class. For further clarification, the
class of a particular shipment is determined by the company and is based on how difficult it is to
transport.
2.1.1.2 Discounted Line Haul
The discounted line haul is another element that is important when calculating ArcBest’s net
linehaul. This element consists of two different subcomponents. This first of which being the
gross line haul with the discount factored in, and the second being the absolute minimum charge
(AMC). This absolute minimum charge protects the company from potential large discounts on
cheap base rates. The discounted line haul takes the maximum value between the gross line haul
and the absolute minimum charge.
2.1.1.3 CMC Line Haul
The cubic minimum charge line haul, or the CMC line haul is also based on a few
subcomponents. The first of which being the CMC rate. This rate is used in order to protect
ArcBest from certain light freight that may take up a larger cube in a particular truck. In logistics,
a cube is the total capacity a shipment takes up within the truck. The CMC rate is then factored
into the cube in order to determine the CMC line haul.
2.1.2 Density Minimum Charge
Another component within the ArcBest rate equation is the density minimum charge. The density
minimum charge is the minimum charge, derived from a product’s density, that the carriers must
accept to carry a particular shipment. The purpose of this is that it protects ArcBest from low
density freight that reduces the amount of utilizable trailer space.
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2.1.3 Margins
In the ArcBest rate equation, the margins are multiplied by the sum of the net line haul and the
density minimum charge. These margins can be tweaked and adjusted by ArcBest in order to
determine the margins that yield the maximum profit margin.
2.1.4 ArcBest Fuel Percentage
The ArcBest fuel percentage is another factor that comprises the ArcBest rate equation. This
factor is defined as the dollar amount that ArcBest will pay the customer for fuel. In the
equation, it is multiplied by the net line haul to help determine the overall rate.
2.1.5 ArcBest Accessorials
The last component in the equation is the ArcBest accessorials total. This component is the total
amount that the company will pay the customer for special services. These special services
include a wide variety of different things. For example, there are charges for cargo liability,
delivery, re-delivery, capacity, storage, marking and tagging, etc.
2.2 Carrier Payable
The other main part in determining the most cost-effective freight carrier assignments includes
the carrier payable. The carrier payable is what ArcBest will owe a specific carrier that fulfills a
shipment.
(𝑁𝑒𝑡 𝐿𝑖𝑛𝑒 𝐻𝑎𝑢𝑙 +  𝐷𝑀𝐶) * (1 + 𝐹𝑢𝑒𝑙%) + 𝐴𝑐𝑐𝑒𝑠𝑠𝑜𝑟𝑖𝑎𝑙𝑠
While this equation consists of multiple components, the ending offered prices by the respective
carriers are set by them, so they are not subject to change. Furthermore, the involved components
are not able to be adjusted by the company, only by the carriers themselves.
2.2.1 Carrier Net Line Haul
The first element within the carrier payable equation is the carrier net line haul. The carrier net
line haul is different from the ArcBest net line haul in that, as stated previously, it is not
calculated by ArcBest. In fact, each of the components that comprise the carrier payable equation
are set by the carriers.
2.2.2 Carrier Fuel Percentage
The carrier fuel percentage is slightly different from the ArcBest fuel percentage. In this case, it
is the dollar amount that ArcBest will pay the carrier for fuel, whereas in the other equation, it is
the dollar amount that ArcBest will pay the customer for fuel.
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2.2.3 Carrier Accessorials
The carrier accessorials are relatively similar to the ArcBest accessorials. However, they differ in
that ArcBest pays the carrier for these special services instead of the customer.
3 Current Limitations
The issue regarding ArcBest’s carrier selection process lies within their current approach’s
limitations. ArcBest’s managed transportation service uses a “brute-force” enumeration approach
to help with the management of their customers’ freight. This approach calculates the cost of
every possible scenario and outputs the scenario with the least total cost. However, this
“brute-force” approach often requires the user to do multiple manual interventions to tweak the
algorithm of the approach in order to arrive at a satisfactory output. Such manual interventions
can compromise the guarantee of optimality for their results.
As stated by the company, although this current approach has been effective in fulfilling the
objectives of the company, ArcBest is constantly establishing more carrier relationships and
taking on larger customers with several hundred thousand shipments. Therefore, the company
now requires a different approach that is more scalable, in order to enable ArcBest to take on
larger customers. The new approach must also be flexible, so that the company can handle
additional complicated business requirements required by these customers. In other words,
Arcbest requires a different approach that is computationally faster, can simultaneously enforce
multiple constraints, and optimizes profit.
3.1 Need Statement and Objective
Due to the aforementioned limitations, ArcBest requires a more scalable and flexible approach in
order to solve the carrier selection problem for larger scale customers with complicated business
requirements. The overall objective of this project is to develop a new approach that considers
the additional business requirements requested by ArcBest and is able to determine a selection of
carriers for each of the shipments at both minimum cost to the customer, and an alternate
selection of carriers that will maximize the profit margin for ArcBest.
3.1.1 Additional Business Requirements
The team worked with their point of contact, Erica Crain, Logistics Engineer - Yield Strategy at
ArcBest to determine additional business requirements that are not adequately captured in
ArcBest’s current approach. The following is a list of requirements that ArcBest tends to receive
from their customers that the team incorporated into the new approach:
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1) Minimum Award: The first of these requirements is to enforce a minimum bid that must
be awarded to each carrier that fulfills a shipment. A carrier will not be inclined to work
with ArcBest unless they are given substantial business.
2) Maximum Carriers Per Destination: Another requirement specified by ArcBest is one
that deals with limiting the number of carriers that are allowed to service one destination.
This constraint has proven to be important to the company as they have one particular
customer that has a location in Dallas, Atlanta, Chicago, and Milwaukee where they
receive freight. Each of these locations only wants to work with a maximum of four
carriers in total, and they only care about their own location and transportation costs.
3) Maximum Total Carriers: The third additional business requirement in the extended
model involves limiting the number of carriers that the company works with altogether.
Incorporating this would allow ArcBest to operate more efficiently as they would be able
to be more consistent with business dealings such as invoicing and service.
4) Fixed Lane Assignments: Lastly, the final business requirement that our approach will
incorporate is regarding lane assignments. ArcBest wants to be able to assign a carrier to
a lane, regardless of the price. For example, their lane from Milwaukee to Chicago has
freight that has frequently been difficult to handle. However, a specific carrier has
consistently been reliable in regards to not damaging shipments, so they would like to
continue working with them. This particular requirement will be handled by modifying
the input file, which the team details in the User Guide in Appendix A.
4 Project Methodology
The team’s primary objective is to develop a new approach that solves ArcBest’s scalability and
flexibility issues. This approach determines an optimal selection of carriers for each of the
customer’s shipments at minimum cost and another solution that maximizes the profit margin.
This is done by incorporating the various non-negotiable shipment rates determined by the
carriers and the appropriate customer shipment data such as zip codes, weight, cube, and
commodity.
The team approached this by first formulating the carrier selection problem as an integer
program that takes in the bid data as input parameters. The team then implemented the
formulation using Python, and solved it using the Gurobi® Optimization Solver. The team chose
to use integer programming methodology due to its rich modeling framework that allowed the
team to capture the complicated business requirements as constraints in the integer program.
Additionally, state-of-the-art solvers like Gurobi are very effective at avoiding complete
enumeration when solving integer programs.
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4.1 Baseline Model
Before incorporating the additional business requirements, the team first developed a simple
baseline model with the sole objective of selecting the minimum carrier payable for each of the
individual shipments. Unlike the full model, the baseline model does not incorporate additional
constraints, the ArcBest rates for each carrier, or the optimal profit margins. This baseline model
consists of three primary components. The team formulated an integer program for the model,
implemented and solved it utilizing Python and Gurobi, and validated the solution using Excel.
4.1.1 Formulation
The formulation of the baseline model was integral to the team’s overall understanding of the
process. Once the team had sufficient grasp of the integer programming methodology and
minimal requirements of the carrier selection problem, i.e., which variables and parameters
needed to be considered, the team began determining the model’s parameters, decision variables,
the objective function, and the basic constraints.
Figure 2: Baseline Model Parameters
These three parameters are important to know in order to understand the objective of the baseline
model. The decision variables, objective function, and constraints of our baseline integer
programming model formulation are illustrated in Figure 3.
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Figure 3: Baseline Model Formulation
The decision variables are binary and indicate which shipments are assigned to which carrier.
The constraint about the sum over xij equaling 1 is extremely important as it requires each
shipment to be assigned to (exactly) one carrier. Note that a carrier may be assigned multiple
shipments. The objective function of the program represents the total (carrier payable) cost of the
assignments. Once the model is solved, the optimal (or feasible) decision variable values will
determine which carriers will receive each shipment.
4.1.2 Implementation and Validation
The team’s Python/Gurobi code implements the baseline model. In comparison to the extended
model introduced in the next section, this implementation does not include the additional
business requirements specified by ArcBest, or the alternate objective of maximizing the profit
margins. As the baseline model corresponds to an optimal solution that simply assigns the
least-cost carrier to each shipment (no additional constraints), a simple Excel function was
utilized to validate the model’s output. Once validated, the team could focus on extending the
baseline model’s functionality by incorporating the additional business requirements.
4.2 Extended Model
The extended model expands the baseline model and is the second major milestone to be reached
by the team. The extended model is also where the team’s approach will solve the flexibility
limitations of ArcBest’s current approach. By utilizing Python and Gurobi to implement the
carrier selection problem as an integer program, the team’s approach addresses the scalability
limitations, and by incorporating the additional business requirements, the team’s approach adds
more flexibility to the integer programming modeling approach.
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The objective of this extended model is to incorporate additional constraints into the baseline
model that capture the business requirements stated in Section 3.1.1 and also eventually optimize
the model to maximize the profit margin as well. As stated earlier in the methodology, the team
first determined the additional business requirements that were not being met by ArcBest’s
current approach and worked on implementing it in the new integer programming approach.
The extended model consists of the same three steps as the baseline model, in that the team must
formulate, implement, and validate the model. However, each of these steps look a little different
with this model.
4.2.1 Formulation
With the formulation of the extended model, it is first necessary to understand all of the
additional parameters needed in order to satisfy the additional business constraints. Each of the
parameters specified in Figure 5 are essential for incorporating the additional business
requirements specified by ArcBest that were listed in Section 3.1.1.
Figure 4: Extended Model Parameters
4.2.1.1 Incorporating Additional Business Requirements
The “Min Cost per Carrier” constraint captures the minimum award assignment requirement by
enforcing a minimum total bid that must be awarded to each carrier that fulfills a shipment. The
first constraint makes it so that the sum of the cost of each shipment assigned to a carrier is
greater than or equal to the minimum value b, if the carrier is selected (zj = 1). The decision
variable xij is set to be less than or equal to zj to ensure that a shipment can only be assigned to
carriers that are actually being used.
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Figure 5: Minimum Cost Constraint
The “Carriers Per Destination” constraint enforces another business requirement by limiting the
number of carriers that are allowed to service any one destination k to at most dk. If xij is 1, then
yjk is also equal to 1, where shipment i needs to be sent to destination k. This means that if any
shipment i is going to destination k and is assigned to carrier j, then yjk is 1. That is, carrier j is
delivering (at least one shipment) to destination k.
Figure 6: Destination Carriers Constraint
The “Total Carriers” constraint enforces the third additional business requirement by limiting the
number of carriers that the company works with altogether to a maximum of u. The formulation
does this by making it so that the sum of all carriers used never exceeds the maximum number of
carriers allowed to be used.
Figure 7: Total Carries Constraint
The final business requirement is the ability to make Fixed Lane Assignments regardless of the
bid due to other business considerations. This particular requirement is not incorporated in the
formulation explicitly as the others are, but rather, involves editing the input files for the model
instead. More information and instructions on how to do this can be found in the User Guide in
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Appendix A. It is also important to note that the baseline model is a special case of the extended
model, which can be recovered by setting u = dk = n and b = 0.00. In other words, there is no
effective limit on the number of carriers used (per destination) and a minimum award of zero
dollars.
Figure 8: Profit Margin Objective Function
The previous objective function is taken into consideration with this model as the carrier payable
cost is an important factor in the carrier selection process. However, the extended model will also
use an alternative objective function that incorporates the ArcBest rate in order to calculate the
profit margin. This new profit-margin objective function will take the difference between
ArcBest rates and the carrier payable rates to calculate ArcBest’s profit margin for each
carrier/shipment combination. Then, solving the integer programming model with this new
objective function will determine carrier-shipment assignment corresponding to the maximum
total profit margin.
4.2.2 Implementation
After these additional requirements were formulated, the team proceeded with the
implementation of the model. Similar to the implementation step in the baseline model, the
extended model implementation solves the integer programming formulation utilizing Python
and Gurobi. It will also incorporate the alternate objective function that selects the optimal
assignment that maximizes total profit margin from the selected carrier-shipment combinations.
4.2.3 Validation
For the validation of the team’s final extended model, sample solutions will be sent to ArcBest so
that the client can compare them with the results of ArcBest’s current approach. Once the
solutions have been verified, the model will have successfully captured the additional business
constraints requested by the company, as well as solving their scalability and flexibility problem
as they continue to expand.
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5 Computational Experiments
The team conducted computational experiments using the new integer programming based
approach to evaluate its performance. The purpose of the first experiment was to see how the
different constraints affected the runtime of the model ,while the purpose of the second
experiment was to see how the solve-time limit set for each objective affected the optimality of
the solutions.
5.1 Experiment 1: Effect of Business Constraints on
Performance
The team ran this experiment with 3 different scenarios with a different number of shipments
(see Figure 9) and considered 4 different cases where the team experimented with the effect of
some of the constraints on the runtime. Each case is similar in that they all have 11 carriers, a
minimum award of $75,000, and a solve-time limit of 600 seconds for each objective function.
Table 1: Experiment 1 Scenarios
For each of the cases in Table 2, the team experimented with two settings for parameters d and u.
As explained in Section 4.2.1, d is the maximum number of carriers allowed to deliver to one
destination and u is the maximum total number of carriers allowed to be used overall.
Table 2: Experiment 1 Cases
In case 1, the model was run with all of the constraints at “realistic settings”. In cases 2 and 3,
The team experimented with the model by turning one of the constraints off. By turning them
off, the team means that the constraint was made effectively redundant. As there are only 11
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carriers, by changing the maximum value of one or both constraints to 30, the constraints had no
effect on the model. The results of Experiment 1 are shown in Table 3.
Table 3: Experiment 1 Results
As shown in table 3, the runtime decreases significantly in case 2 when parameter d turns off and
then increases again significantly in case 3 when parameter d is turned back on and u is turned
off. This means that parameter d, the total carriers per destination constraint, has the biggest
effect on runtime for the model which makes sense since it is the most complex constraint. Case
4 shows how long the model takes to run without either of the constraints turned on. As shown in
Table 3, the run time for this increases as the number of shipments increases in each scenario.
Similar behavior is expected when the number of carriers is increased, although that was not the
focus of the experiments conducted by the team.
5.1 Experiment 2: Effect of Early Termination on Solution Quality
The goal of the second experiment run by the team was to analyze the solution found by Gurobi
when run times were limited and the solver was terminated early. As it may cost ArcBest to use
Gurobi by the second on a cloud-based software service, it is important to assess the quality of
solutions based on the runtime.
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Figure 9: Minimum Carrier Payable Cost Solution vs. Run Time Limit
Figure 10: Maximum Profit Margin Solution vs. Run Time Limit
For the scenarios considered in these experiments, the constraints were a constant b = 75,000
(dollar amount awarded to each carrier), u = 3 (number of carriers per destination), d = 6 (total
number of carriers allowed to be used).
As shown in Figure 12, for the file containing approximately 30,000 shipments, the carrier
payable stabilizes at 90 seconds. The carrier payable is minimized at 90 seconds. For the
scenario containing approximately 60,000 shipments, the carrier payable remains unchanged
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until an 1800 second runtime, where it decreases by about $6 million. The optimization status at
this runtime was “optimal.” The carrier payable for the scenario containing approximately
140,000 shipment was still “feasible” rather than “optimal” at 1800 seconds. At 60 seconds, the
scenario containing approximately 140,000 shipments could not be solved by Gurobi®. Further
experimentation is needed to determine the runtime for the optimal carrier payable for such a
large number of shipments. ArcBest may find it reasonable to purchase a site license with
Gurobi® or a comparable commercial solver and provide the solver sufficient time to find an
optimal solution, as it may increase their revenue for very large-scale instances.
As shown in Figure 13, the profit margin for the scenario containing approximately 30,000
shipments stabilizes at 120 seconds. When the scenario containing approximately 60,000
shipments is run for 1800 seconds the profit margin increases significantly. The profit margin is
not optimized at 1800 seconds for the scenario containing approximately 140,000 shipments, but
the team suspects that the profit margin may increase if Gurobi® is given sufficient time to
search and guarantee optimality.
6 Recommendation
The primary recommendation the team has is that the integer programming based tool be
implemented for the company’s carrier selection process. It incorporates every business
requirement specified by ArcBest and has demonstrated its ability to work with large-scale data
sets. By accomplishing this, the integer program removes the flexibility and scalability
limitations of the company’s current “brute-force” enumeration approach.
The rationale behind utilizing an integer program, rather than heuristics, is due to the complexity
of the additional business requirements. These additional requirements make the problem
complicated and difficult to solve if the team (or ArcBest) were to take a heuristic based
approach. Heuristics and other ad hoc solution approaches cannot provide performance
guarantees on solution quality. By contrast, even when the integer programming approach does
not guarantee optimality of the solution found, it will still provide a “termination gap” that
specifies how close or far from the optimum cost is the solution that was returned. The
functionality of the integer programming approach can be easily enhanced by capturing other
business requirements and tailoring the model to each customer. Some customer requirements
may be captured as constraints using existing model variables, others may require additional
variables and constraints, while some could be fulfilled by adjusting the input data file. For
instance, the requirement involving the ability to assign a lane to a carrier regardless of the price
should be incorporated by editing the input file as described in Appendix A.
ArcBest can go about the implementation of this tool by doing one of two things. One option is
to purchase a Gurobi® site license, while the other is to purchase time on the Amazon cloud
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service in order to use the tool the team has developed. Optimization software such as Gurobi
will allow ArcBest to model and solve other related problems using linear, integer, and quadratic
optimization models, as well. If ArcBest is interested in purchasing Gurobi®, the team
recommends they investigate obtaining a trial license in order to determine runtimes they may
find appropriate for their business needs in conjunction with the runtime experiment. Other
alternatives to Gurobi in the commercial optimization realm include IBM ILOG CPLEX
Optimization Studio and FICO Xpress Optimization. ArcBest may also explore open-source
solvers found at: https://www.coin-or.org/ and https://www.scipopt.org/.
7  Conclusion
The team has created a new approach to solve the carrier selection problem by formulating it as
an integer program, implementing it using Python, and solving it using the Gurobi®
Optimization Solver to determine two different solutions: the most cost-effective solution for
their customers and the solution that yields the largest total profit margin for ArcBest. In
comparison to ArcBest’s current approach, this new approach has the potential to provide more
benefits to the company. For instance, utilizing the faster integer programming based approach
instead of their current “brute-force” approach will result in significantly reduced processing
time and increased capability to work with larger data sets. This in turn will reduce the valuable
time spent by ArcBest’s logistics engineers and planners on this process and enable them to take
on larger customers. It will also provide ArcBest more flexibility to factor in additional business
requirements, including those placed by their customers.
In conclusion, the team recommends ArcBest obtains Gurobi® or a similar commercial
optimization solver in order to solve their carrier selection problem. Using the team’s Python
implementation in conjunction with a commercial optimization solver will provide ArcBest the
ability to expand the capacity of their managed transportation business, and enable them to be
more agile and responsive in their business practices.
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Appendix A: User Guide
The new approach uses Python™ and Gurobi™ to implement constraints that fulfill business
requirements provided by ArcBest.
Figure 11: Implementation Visual
Input Files
This section will describe how the input files should be formatted. If done incorrectly, the code
will not run properly and will return errors. All input files must be located in the same folder as
the program itself. This implementation utilizes four different input files. Each of them serves a
specific purpose which will be detailed below.
1. Carrier Payable File
a. Figure 12 shows an example of how this carrier payable file should be formatted.
Figure 12: Carrier Payable Input File
b. Each header should be in the first row of the csv file.
c. The first two columns must contain the shipment IDs and destinations (zipcode,
state, county—the level at which the carrier per destination constraint must be
implemented.), respectively.
d. The carrier payables must not contain dollar signs, or any other special characters.
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2. ArcBest Rates File
Figure 13: ArcBest Rates Input File
a. Figure 13 shows an example of how the ArcBest rates file should be formatted.
b. This file is nearly identical to the Carrier Payable File and must be formatted in
the exact same way for the code to run correctly. Particularly, the shipment IDs
must be in the same order as the Carrier Payable File.
3. Parameters File
a. Figure 14 shows the format of the Parameters file.
Figure 14: Parameters Input File
b. The “Values” in the third column should be edited according to the business
requirements being fulfilled by the code. By setting b to 0.00, that constraint can
be made ineffective. By setting d or u equal to any value more than the number of
carriers, the corresponding constraints may be made redundant.
4. IPfilenames.csv
a. This file is used to import the previous 3 files so they can be used by the code.
b. It is imperative that you do not change the name of this file.
c. Figure 15 shows the format of this file. The file names must be input into the first
row. The name of the Carrier Payable file belongs in the first column, the name of
the ArcBest Rates File belongs in the second column, and the name of the
Parameters file belongs in the third column. The files must be listed in this exact
order for the rates to be interpreted correctly. Additionally, all file names must
include the .csv extension.
Figure 15: Input Filename File
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Implementing the Fixed Lane Assignment Constraint
To assign an entire lane to a particular, predetermined carrier, remove all associated shipments
from the input file—the program will then optimize only the remaining shipments. To assign an
entire lane to any single, undetermined carrier, create a single, aggregate, artificial shipment
corresponding to all the shipments in that lane and include the artificial shipment as a row of the
input file with aggregate costs for each carrier.
Executing the Code
1. Open the Carrier Selection Program using the Python IDE of your choice with a Gurobi
channel appropriately set up. This information is available from Gurobi’s website and
their online support forum. Anaconda/Spyder IDE was used by the team to develop, run,
and test the program.
2. After ensuring the input files are correctly formatted, run the Python code.
3. A time-stamped output file will be populated to the folder containing the Python program
and input files. Each shipment will be matched with a carrier and the total cost will be
calculated. Figure 18 shows an example of this file.
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Figure 16: Output File Example, Tab 1 (MinCostAssignments)
Output File
The output file will be named in the following format: CarrierSelections_{yyyymmddtttt}.xlsx.
A new file will be produced each time the code is executed.
The output file will contain 4 tabs:
1. MinCostAssignments
a. This tab reports the assignments that minimize (if optimal) the carrier payable
costs in Columns A and B.
b. The corresponding carrier payable cost and ArcBest rate are provided for
reference in Columns C and D, respectively.
c. The total carrier cost of the assignments is listed in Cell G1.
d. Figure 19 shows an example of what this tab looks like.
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Figure 17: MinCostAssignments Tab
2. CP_Termination_Status
a. This tab reports the termination status of your solution. Figure 19 shows an
example of what this tab looks like. There are 4 possible outcomes:
i. The algorithm termination is optimal.
ii. The algorithm termination is infeasible.
iii. The time limit has been reached and a feasible solution was found.
iv. The time limit has been reached and no feasible solution was found
within the time limit.
Figure 18: Termination Tab Example
3. MaxProfitAssignments
a. Similar to the MinCostAssignments tab shown in figure 19, this tab reports
assignments that maximize the total profit-margin (if optimal) in Columns A
and B.
b. The corresponding carrier payable cost and ArcBest rate are provided for
reference in Columns C and D, respectively.
c. The total profit margin for the assignments is listed in Cell G1.
4. Profit_Termination_Status
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a. This tab reports the termination status of your solution. Similarly to the
CP_Termination_Status tab shown in Figure 20 , there will be 4 possible
outcomes:
i. The model is optimal.
ii. The model is infeasible.
iii. The time limit has been reached and a feasible solution found.
iv. The time limit has been reached and no feasible solution found within
the time limit.
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Appendix B: Project Proposal
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